SEMICONDUCTOR WAFER, SEMICONDUCTOR DEVICE 

AND METHOD FOR MANUFACTURING SAME, CIRCUIT BOARD, 
AND ELECTRONIC APPARATUS 



BACKGROUND OF THE INVENTION 

Field of the Invention 
[0001] 

The present invention relates to a semiconductor wafer, a semiconductor 
device and a method for manufacturing the same, a circuit board, and an 
electronic apparatus. 

Description of Related Art 
[0002] 

Surface -mounted packages are known to be semiconductor devices that 
satisfy requirements, such as mountability or greater packaging density. For 
example, in a chip scale/size package (CSP), wirings are disposed on a 
semiconductor chip with a resin layer interposed therebetween, and an external 
terminal (for example, a solder ball) is provided on the wirings. Thus, when the 
external terminal is provided on the wirings, it is required that the bonding 
strength and the electrical connectivity between them be improved. 
[0003] 

It is an advantage of the present invention to improve the bonding strength 
and the electrical connectivity between the wirings and external terminals. 



1 



SUMMARY OF THE INVENTION 
[0004] 

A semiconductor device according to the present invention includes a 
semiconductor chip provided with an integrated circuit and a pad that is 
electrically connected to the integrated circuit. A wiring layer has a concave 
portion and is electrically connected to the pad. An external terminal is joined to 
the concave portion of the wiring layer. A resin layer has a through hole and is 
disposed on the wiring layer. The through hole and the concave portion reside at 
the same position. According to the present invention, the bonding strength 
between the wiring layer and the external terminal increases because of the 
formation of the concave portion in the wiring layer. In addition, the formation of 
the concave portion results in a larger contact area between the wiring layer and 
the external terminal, and thereby the electrical connectivity between them is 
improved. 
[0005] 

According to an embodiment of the present invention, the width of the 
concave portion may increase with depth, the concave portion may have a first 
width at a first depth and a second width at a second depth that is deeper than 
the first depth with the first width being larger than an opening size of the 
concave portion and the second width being smaller than the first width. 
The inner surface of the through hole in the resin layer may be in contact with 
the external terminal, and a stress relaxation layer is disposed on the 
semiconductor chip and the wiring layer may be disposed on the stress relaxation 
layer. 
[0006] 

In the semiconductor device, the resin layer may be prepared from a solder 
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resist. A circuit board according to the present invention includes the 
semiconductor device described above and an electronic apparatus according to 
the present invention includes the semiconductor device described above. 
[0007] 

A semiconductor wafer according to an embodiment of the present 
invention includes a semiconductor substrate provided with a plurality of 
integrated circuits and pads each electrically connected to each of the integrated 
circuits. A wiring layer has a concave portion and is electrically connected to the 
pads. An external terminal is joined to the concave portion of the wiring layer. 
A resin layer has a through hole and is disposed on the wiring layer. The 
through hole and the concave portion reside at the same position. According to 
the present invention, the bonding strength between the wiring layer and the 
external terminal increases because of the formation of the concave portion in the 
wiring layer. In addition, the formation of the concave portion results in a larger 
contact area between the wiring layer and the external terminal, and thereby the 
electrical connectivity between them is improved. According to an embodiment of 
the present invention, the width of the concave portion may increase with depth 
and the concave portion may have a first width at a first depth and a second 
width at a second depth that is deeper than the first depth, the first width being 
larger than an opening size of the concave portion and the second width being 
smaller than the first width. 
[0008] 

The inner surface of the through hole in the resin layer may be in contact 
with the external terminal, a stress relaxation layer is disposed on the 
semiconductor substrate and the wiring layer is disposed on the stress relaxation 
layer, and the resin layer may be prepared from a solder resist. 
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[0009] 

A method for manufacturing a semiconductor device includes forming a 
wiring layer over a semiconductor substrate provided with a integrated circuit 
and a pad that is electrically connected to the integrated circuit. The wiring 
layer is electrically connected to the pad. The method also includes forming a 
resin layer so as to cover the wiring layer, forming a through hole and a concave 
portion in the resin layer and the wiring layer respectively, the through hole and 
the concave portion residing at the same position, and providing an external 
terminal so as to be joined to the concave portion of the wiring layer. According 
to the present invention, the bonding strength between the wiring layer and the 
external terminal increases because the wiring layer has the concave portion in 
which the external terminal is placed. In addition, the formation of the concave 
portion results in a larger contact area between the wiring layer and the external 
terminal, and thereby the electrical connectivity between them is improved. 
[0010] 

In a method for manufacturing the semiconductor device, the through hole 
may be formed in the resin layer and then the concave portion may be formed in 
the wiring layer. 
[0011] 

Embodiments of the present invention will now be illustrated with 
reference to the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

Fig. 1 illustrates a method for manufacturing a semiconductor device 
according to a first embodiment of the present invention. 
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[0013] 

Fig. 2 illustrates the method for manufacturing a semiconductor device 
according to the first embodiment of the present invention. 
[0014] 

Fig. 3 illustrates the method for manufacturing a semiconductor device 
according to the first embodiment of the present invention. 
[0015] 

Fig. 4 illustrates the method for manufacturing a semiconductor device 
according to the first embodiment of the present invention. 
[0016] 

Fig. 5 is an enlarged view of a section taken along the line V-V in Fig. 6. 

[0017] 

Fig. 6 illustrates the method for manufacturing a semiconductor device 
according to the first embodiment of the present invention. 
[0018] 

Fig. 7 illustrates the method for manufacturing a semiconductor device 
according to a second embodiment of the present invention. 
[0019] 

Fig. 8 illustrates a semiconductor device according to the second 
embodiment of the present invention. 
[0020] 

Fig. 9 illustrates a circuit board on which a semiconductor device according 
to the present invention is mounted. 
[0021] 

Fig. 10 shows an electronic apparatus that has a semiconductor device 
according to the present invention. 
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[0022] 

Fig. 11 shows an electronic apparatus that has a semiconductor device 
according to the present invention. 
[0023] 

Fig. 12 illustrates the method for manufacturing a semiconductor device 
according to the first embodiment of the present invention. 
[0024] 

Fig. 13 illustrates the method for manufacturing a semiconductor device 
according to the first embodiment of the present invention. 
[0025] 

Fig. 14 illustrates the method for manufacturing a semiconductor device 
according to a variation of the first embodiment of the present invention. 
[0026] 

Fig. 15 illustrates the method for manufacturing a semiconductor device 
according to a variation of the first embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0027] 

First Embodiment 

Figs. 1 to 4 and Figs. 12 to 15 illustrate a method for manufacturing a 
semiconductor device according to a first embodiment of the present invention. 
In this embodiment, a semiconductor substrate 10 is used, as shown in Fig. 1. 
The semiconductor substrate 10 includes an integrated circuit 12. When the 
semiconductor substrate 10 is sectioned into a plurality of semiconductor chips, 
the semiconductor substrate 10 is provided with a pilurality of integrated circuits 
12. Therefore, individual semiconductor chips will have their respective 
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integrated circuits 12. 
[0028] 

A passivation film 14 may be disposed on the front surface of the 
semiconductor substrate 10. The passivation film 14 may be prepared fi-om, for 
example, an inorganic material, such as Si02 or SiN. The passivation film 14 
may be composed of multiple layers. In this case, at least one layer (for example, 
a surface layer) may be prepared from an organic material. The semiconductor 
substrate 10 is provided with a pad 16 (on the surface thereof. The pad 16 is 
electrically connected to the integrated circuit (for example, a semiconductor 
integrated circuit) 12. The passivation film 14 is not disposed at least in the 
center of the pad 16. 
[0029] 

A stress relaxation layer 18 may be disposed on the semiconductor 
substrate 10. The stress relaxation layer 18 may be formed by applying a resin 
precursor (for example, a thermosetting resin precursor) on the semiconductor 
substrate 10 or by spin-coating of the resin precursor over the semiconductor 
substrate 10. The stress relaxation layer 18 may be composed of a single layer or 
multiple layers. The stress relaxation layer 18 is an electrically insulating layer. 
The stress relaxation layer 18 may be prepared fi-om polyimide resins, silicone* 
modified polyimide resins, epoxy resins, silicone-modified epoxy resins, 
benzocyclobutene (BCB), polybenzoxazole (PBO), or the like. The stress 
relaxation layer 18 does not contain electrically conductive particles. The stress 
relaxation layer 18 may be prepared from a material having a light blocking 
effect. 
[0030] 

The stress relaxation layer 18 may be prepared from a radiation-sensitive 
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resin precursor that is sensitive to radiation (light (ultraviolet light, visible hght), 
X-rays, and an electron beam). Radiation- sensitive resin precursors (for example, 
photosensitive resin precursors) are classified into a negative type, an irradiated 
part of which has reduced solubility and becomes insoluble, and a positive type, 
an irradiated part of which has increased solubility. 
[0031] 

The stress relaxation layer 18 may not be disposed on the pad 16. The 
stress relaxation layer 18 may not be disposed on a sectioning region of the 
semiconductor substrate 10. The stress relaxation layer 18 may be formed 
continuously or integrally on the semiconductor substrate 10 before patterning. 
The stress relaxation layer 18 may be disposed in each of multiple regions (a 
pluraUty of regions provided with integrated circuits 12) of the semiconductor 
substrate 10. A space is present between adjacent stress relaxation layers 18. 
[0032] 

A wiring layer 20 is disposed on the stress relaxation layer 18. The wiring 
layer 20 may be composed of a single layer or multiple layers. For example, a 
TiW layer and a Cu layer may be laminated by sputtering, and another Cu layer 
may be formed thereon by plating. Conventional techniques may be applied to 
the method for forming them. The wiring layer 20 extends over the pad 16 (so as 
to be electrically connected to the pad 16). The wiring layer 20 is disposed over 
the pad 16 and the stress relaxation layer 18. The wiring layer 20 may have a 
land (a portion that is wider than a line). The land is a portion for providing an 
external terminal 28 thereon. 
[0033] 

A resin layer 22 may be disposed on the stress relaxation layer 18. The 
resin layer 22 may be prepared fi:om a solder resist. The resin layer 22 covers the 



8 



whole or a part (for example, a portion excluding a region for providing the 
external terminal 28) of the wiring layer 20. The resin layer 22 may cover (for 
example, completely cover) the stress relaxation layer 18. The resin layer 22 may 
be disposed such that a sectioning region of the semiconductor substrate 10 is 
exposed (such that the resin layer 22 does not cover the sectioning region). The 
resin layer 22 does not contain electrically conductive particles. The resin layer 
22 may be prepared from a material having a Ught blocking effect. 
[0034] 

The resin layer 22 may be formed continuously or integrally on the 
semiconductor substrate 10 before patterning. The resin layer 22 may be 
disposed in each of multiple regions (a plurality of regions that includes the 
integrated circuits 12) of the semiconductor substrate 10. A space is present 
between adjacent resin layers 22. 
[0035] 

As shown in Fig. 2, the resin layer 22 has a through hole 24. A concave 
portion 23 may initially be formed in the resin layer 22 (see Fig. 13), and then the 
concave portion 23 may be processed into the through hole 24. In a method for 
forming the concave portion 23, the resin layer 22 may be prepared from a 
radiation-sensitive resin precursor that is sensitive to radiation (light (ultraviolet 
light, visible light), X-rays, and an electron beam), and may be irradiated with 
the radiation for patterning (for example, development). Radiation- sensitive 
resin precursors (for example, photosensitive resin precursors) are classified into 
a negative type, an irradiated part of which has reduced solubility and becomes 
insoluble, and a positive type, an irradiated part of which has increased solubiUty. 
[0036] 

The method for forming the concave portion 23 will now be described in 
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more detail. In an embodiment shown in Figs. 12 and 13, the concave portion 23 
can be formed by a smaller dose of radiation (for example, at a shorter irradiation 
time or a lower intensity of light) in an exposxire step. As shown in Fig. 12, a 
mask 50 is placed over the resin layer 22, and the resin layer 22 is irradiated 
with radiation 60 through the mask 50. According to the present embodiment, by 
way of example, a positive radiation-sensitive resin precursor is used. The mask 
50 has a shield portion 52 against the radiation 60 and a transparent portion 54 
to the radiation 60. The mask 50 may include a glass substrate and the resin 
layer 22 may be irradiated with the radiation 60 through the glass substrate. 
[0037] 

In the present step, the dose of the radiation 60 is smaller than a dose in a 
typical case (for example, in a case where an opening with a straight wall is 
formed in the resin layer 22). Thus, the radiation 60 does not reach the bottom of 
the resin layer 22 (a part in contact with the wiring layer 20). The radiation 60 
enters the resin layer 22 perpendicularly as well as at an angle. The radiation 60 
that perpendicularly enters the resin layer 22 maintains the shape patterned in 
the mask 50 (in the shape corresponding to the pattern of the transparent portion 
54). The radiation 60 incident at an angle is deflected at the boundary between 
the shield portion 52 and the transparent portion 54 of the mask 50 towards the 
resin layer 22. Accordingly, on the periphery directly below the shield portion 52 
and the transparent portion 54 of the mask 50, the dose of the radiation 60 and 
therefore the radiation depth in the resin layer 22 gradually decreases with the 
distance from the center of the transparent portion 54. Thus, a portion in the 
resin layer 22 that has an increased solubility caused by the radiation 60 
becomes concave. Subsequently, the portion in the resin layer 22 that has an 
increased solubility can be dissolved and removed in a development step to form 
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the concave portion 23, as shown in Fig. 13. 
[0038] 

In a variation of the method for forming the concave portion 23, a 
decreased level of dissolution in the development step (for example, by a shorter 
developing time or a lower concentration of a developer) will result in another 
concave portion 23, as shown in Figs. 14 and 15. Firstly, an exposure step is 
performed as shown in Fig. 14. The description in the above embodiment (see Fig. 
12) can be applied to this step, but in this variation, a sufficient amount of 
radiation 60 (for example, to form an opening that has a straight wall in the resin 
layer 22) is employed. Thus, the radiation 60 will reach the bottom of the resin 
layer 22 (a portion in contact with the wiring layer 20). The radiation 60 enters 
the resin layer 22 directly below the transparent portion 54. As shown in Fig. 14, 
the resin layer 22 may be irradiated with the radiation 60 in an area larger than 
the transparent portion 54, because of the radiation incident at an angle. 
Subsequently, when the portion of the resin layer 22 that has an increased 
solubihty is dissolved in the development step, since the dissolution level is 
reduced in this step according to this embodiment, only a part of the portion that 
has the increased solubility can be removed, as shown in Fig. 15. A developer 
permeates the top surface of the resin layer 22 (opposite to the wiring layer 20), 
and its permeation depth gradually decreases with the distance from the center 
of the portion that has the increased solubility. Thus, the concave portion 23 can 
be formed as shown in Fig. 15. 
[0039] 

Furthermore, even when typical exposure and development steps are 
performed, frequently the opening in the resin layer 22 does not have a straight 
wall, but has a curved wall in which the thickness of the residual resin layer 22 
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increases with the distance from the center of the opening. Thus, the residual 

resin layer 22 may shape the concave portion 23. 

[0040] 

When the resin layer 22 is prepared from a thermosetting resin precursor, 
the through hole 24 can be formed by thermally curing the precursor and then 
removing the bottom of the concave portion 23. Dry etching, for example, may be 
applied to the method for forming the through hole 24. 
[0041] 

In addition, a concave portion 26 is formed in the wiring layer 20. The 
through hole 24 and the concave portion 26 reside at the same position. Etching 
(for example, dry etching) may be used to form the concave portion 26. The 
method for forming the concave portion 26 may be the same as that for the 
through hole 24. The concave portion 26 may be simultaneously (or sequentially) 
formed with the formation of the through hole 24 in the resin layer 22. 
Alternatively, the concave portion 26 may be formed in the wiring layer 20 after 
the formation of the through hole 24 in the resin layer 22. The concave portion 
26 at a deeper position may be smaller than its opening size. The concave portion 
26 may have an inner surface without an edge. The concave portion 26 may have 
a gently curved inner siuface, 
[0042] 

An external terminal 28 is disposed on the wiring layer 20, as shown in Fig. 
3. Particularly, the external terminal 28 is joined to the concave portion 26 in the 
wiring layer 20. The external terminal 28 may be in contact with the inner 
surface of the through hole 24 in the resin layer 22. 
[0043] 

The external terminal 28 may be prepared from a soft solder or a hard 
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solder. The soft solder may be free of lead (hereinafter referred to as a lead-free 
solder). Examples of the lead-free solder may include tin-silver (Sn-Ag), tin- 
bismuth (Sn-BO, tin-zinc (Sn-Zn), and tin-copper (Sn-Cu) alloys. In addition, 
these alloys may further contain at least one of silver, bismuth, zinc, and copper. 
Conventional methods may be applied to forming the external terminal 28. 
[0044] 

As shown in Fig. 4, a second resin layer 30 may be disposed on the resin 
layer 22. The description on the stress relaxation layer 18 may be applied to the 
second resin layer 30. The second resin layer 30 may surround the external 
terminal 28. The second resin layer 30 may cover a part (for example, the basal 
portion) of the external terminal 28. The second resin layer 30 may cover (for 
example, completely cover) the resin layer 22. The second resin layer 30 may 
cover the entire semiconductor substrate 10 before patterning. The second resin 
layer 30 may be provided so as to cover the external terminal 28 and then be 
removed from the top edge of the external terminal 28. The description on the 
pattering of the stress relaxation layer 18 may also be appUed to this patterning. 
Alternatively, the second resin layer 30 may be partially removed by laser 
irradiation or ashing. 
[0045] 

A semiconductor wafer according to the embodiment of the present 
invention includes the semiconductor substrate 10. The semiconductor substrate 
10 has a plurality of integrated circuits 12 (see Fig. l) and the pads 16 on the 
front siu-face thereof. Each pad 16 is electrically connected to each integrated 
circuit 12. The wiring layer 20 is electrically connected to the pads 16. The resin 
layer 22 is disposed on the wiring layer 20. The external terminal 28 is located 
on the wiring layer 20. The second resin layer 30 siurrounds the external 
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terminal 28. 
[0046] 

The resin layer 22 has the through hole 24. The wiring layer 20 has the 
concave portion 26. The through hole 24 and the concave portion 26 reside at the 
same position. The opening of the concave portion 26 may be included entirely 
within the through hole 24. The external terminal 28 may be in contact with the 
inner surface of the through hole 24 in the resin layer 22. The external terminal 
28 is joined to the concave portion 26. Thus, the bonding strength between the 
wiring layer 20 and the external terminal 28 is increased by the concave portion 
26. In addition, the increased contact area between the wiring layer 20 and the 
external terminal 28 by the concave portion 26 allows the electrical connectivity 
between them to be improved. The other details are as described above. 
[0047] 

As shown in Fig. 4, the semiconductor substrate 10 is sectioned (for 
example, by scribing or dicing) with, for example, a cutter (or a blade) 32. Thus, 
a semiconductor device can be prepared. 
[0048] 

Figs. 5 and 6 show the semiconductor device according to the present 
embodiment. Fig. 5 is a section taken along the line V-V in Fig. 6. The 
semiconductor device has a semiconductor chip 40. The semiconductor chip 40 
may be cut out from the semiconductor substrate 10. The description of the 
semiconductor wafer is appUcable to the other details of the semiconductor device. 
[0049] 

Second Embodiment 

Fig. 7 shows a method for manufacturing a semiconductor device according 
to a second embodiment of the present invention. In the present embodiment, 
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the shape of a concave portion 36 in the wiring layer 20 is different from the 
concave portion 26 according to the first embodiment. The concave portion 36 at 
a deeper position is larger than its opening size. The concave portion 36 has a 
first' width, which is larger than the opening size, at a first depth and a second 
width, which is smaller than the first width, at a second depth that is deeper 
than the first depth. The concave portion 36 in such a shape can be prepared by 
etching the wiring layer 20 isotropically. For example, the concave portion 36 
may be formed by making the through hole 24 in the resin layer 22 followed by 
wet etching. The description in the first embodiment is applicable to the other 
details. 
[0050] 

Fig. 8 shows the semiconductor device according to the second embodiment 
of the present invention. The semiconductor device may be produced fi-om the 
semiconductor wafer shown in Fig. 7. In this embodiment, an external terminal 
38 is joined to the concave portion 36 in the wiring layer 20. Thus, the bonding 
strength between the wiring layer 20 and the external terminal 38 is increased 
by the concave portion 36. In addition, the increased contact area between the 
wiring layer 20 and the external terminal 38 by the concave portion 36 allows the 
electrical connectivity between them to be improved. The description in the first 
embodiment is applicable to the other details. 
[0051] 

Fig. 9 shows a circuit board 1000 on which a semiconductor device 1 
described in the above-mentioned embodiment is mounted. Examples of 
electronic apparatuses having this semiconductor device include a notebook 
personal computer 2000 shown in Fig. 10 and a cellular phone 3000 shown in Fig. 
11. 
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[0052] 

The present invention is not hmited to the above -described embodiments 
and various modifications can be made. For example, the present invention 
encompasses structures that are substantiaUy identical to the structure 
described in the embodiments (for example, structures with the same function, 
method and results, or structures with the same advantage and results). 
Furthermore, the present invention encompasses structures in which 
nonessential parts of the structures described in the embodiments are replaced. 
The present invention also encompasses structures that have the same effects o 
achieve the same advantages as those of the structures described in the 
embodiments. The present invention further encompasses structures in which 
known techniques are incorporated into the structures described in the 
embodiments. 
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